Abstract: Some naturalised (not commercialised or deliberately sown) annual pasture legumes may be valuable pasture components, but their production relative to commercial species is poorly defined. This study aimed to determine the relative productivity, morphology, nutritive value, ecotype variation and sulfonylurea tolerance of some naturalised species in the Victorian Mallee. A series of 3 glasshouse and 2 ungrazed field experiments compared the production of haresfoot clover (Trifolium arvense), little woolly burr medic (Medicago minima), spineless M. minima, and M. monspeliaca with the commercial species strand medic (M. littoralis cv. Herald) and barrel medic (M. truncatula cv. Paraggio). The crude protein and in vitro digestibility of leaf and stem components were similar between species. The proportion of leaf was associated with species maturity, with later maturing species having a greater proportion of leaf at each harvest. There was a range of 52 days between species for date of first flowering. T. arvense produced similar or more biomass than the commercial species in spring, but had lower winter production. A 38 day range in days to first flower and a two-fold range in winter biomass production between T. arvense ecotypes indicate potential for selection within this species. T. arvense also appears to have greater tolerance of triasulfuron residues than M. littoralis. Spineless M. minima requires further evaluation for persistence in this environment, but the low production of M. monspeliaca limits its value as a component of pastures. T. arvense , spineless and spiny M. minima all have some characteristics which could enhance pasture production in lowrainfall, low-input mixed farming systems. and barrel medic (M. truncatula cv. Paraggio). The crude protein and in vitro digestibility of leaf and stem components were similar between species. The proportion of leaf was associated with species maturity, with later maturing species having a greater proportion of leaf at each harvest. There was a range of 52 days between species for date of first flowering. T. arvense produced similar or more biomass than the commercial species in spring, but had lower winter production. A 38 day range in days to first flower and a two-fold range in winter biomass production between T. arvense ecotypes indicate potential for selection within this species. T. arvense also appears to have greater tolerance of triasulfuron residues than M. littoralis. Spineless M. minima requires further evaluation for persistence in this environment, but the low production of M. monspeliaca limits its value as a component of pastures. T. arvense , spineless and spiny M. minima all have some characteristics which could enhance pasture production in low-rainfall, low-input mixed farming systems.
Introduction
Problems with persistence and low production of sown legume pastures in southern Australian livestock/cropping systems are well-known with a range of management, pest and disease factors contributing (Carter et al. 1982; Hill and Korte 1998; You et al. 1999) . Naturalised legumes (not commercialised or deliberately sown) are widely distributed and have some adaptive advantages, such as high levels of hardseededness and a small seed size, which promote their persistence under grazing and through cropping phases. Naturalised legumes can comprise the bulk of the pasture seedbank (Fortune et al. 1995) although their contribution to herbage biomass production has not been evaluated and quantitative information on the morphology and nutritive value of some species is scarce. The prominence of naturalised species in areas previously sown to commercial species warrants investigation of their value as components of pastures. There is large variation in the genetic diversity within at least some naturalised species (Woodward and Morley 1974) that could be exploited to improve pasture persistence or production. The presence of naturalised legumes may dissuade producers from sowing commercial varieties as herbage biomass production may be considered satisfactory and pastures regenerate without the need for re-sowing (Cregan 1985) . Whether or not the presence of naturalised legumes is an advantage depends on their relative productivity compared with sown alternatives.
Objective information on the relative productivity of some naturalised species is limited, especially for the Victorian Mallee.
In southern Australia annual medic (Medicago spp.) pastures are an important part of crop rotations, impacting on crops through weed and cereal disease control (Latta and Carter 1998) and nitrogen availability (Baldock et al. 1998) as well as providing feed for sheep. In the Victorian Mallee region, pasture species need to be adapted to low fertility, alkaline, calcarosol soils (Isbell 1996) , and be able to persist under low and variable annual rainfall (250 to 400 mm) with a short growing season. Additional challenges for pastures are grazing, longfallowing which prevents seed-set, 1 to 2 year cropping phases (Robertson and Wimalasuriya 2004) and the use of sulfonylurea herbicides during cropping which can dramatically reduce medic pasture production postcropping (Hollaway and Noy 1999) . All these factors can reduce pasture seed production, persistence and production, while fallowing and sulfonylurea use are also disincentives to farmers sowing pastures. Introduced and naturalised species found to dominate some Mallee pastures include little woolly burr medic (Medicago minima) and haresfoot clover (Trifolium arvense). M. monspeliaca (previously classified as Trigonella monspeliaca), an introduced species, has also been found growing as a pasture component in the Mallee.
M. minima is widely distributed throughout Australia and grows in a wide ecological range (Bennett 1999), while T. arvense is found growing in infertile, sandy soils (Palmer 1972 ) and may also be widely distributed across Australia (Fortune et al. 1995) . There seems to be nothing known of the agronomy of M. monspeliaca, while M. minima and T. arvense are usually described as colonising species (Palmer 1972; Cocks 1999) . The dry matter production of T. arvense and M. minima is reported as low relative to commercial annual legume varieties (Begg 1963; Cornish 1974; Lodge et al. 1993; Ballard and Charman 2000) , although T. arvense has produced similar herbage biomass to T. subterraneum in soils of low fertility (Begg 1963) . There are exceptions where the dry matter production of M. minima has been measured as not substantially less than commercial species (Lodge and Greenup 1980) . In addition, M. minima is reported as a valuable forage species in semi-arid regions of Argentina (Busso et al. 1998 ) with high palatability and high nutritive value (Fresnillo Fedorenko 2001) . A dry matter production of 2000 3000 kg DM/ha of T. arvense has been observed on heavy swale (sandy loam) soils in the Victorian Mallee (Robertson unpublished) . However, in the absence of objective data, the relative production and value of some of the naturalised legumes compared with commercial medics in the low-rainfall Mallee region remains a matter for conjecture.
The aim of the work reported here was to establish the relative productivity, morphology and nutritive value of some of the naturalised annual legume species growing in the Victorian Mallee and elsewhere, compared with commercial medics, to examine their tolerance of sulfonylurea residues and to also evaluate production differences between T. arvense ecotypes. 
Materials and methods

Glasshouse experiments
The soil used was not classified but calcarosol soils dominate the region (Isbell 1996) . Soil typical of the Mallee region, of sandy loam to loamy sand texture, was obtained from 0 20 cm depth from a paddock at DPI Walpeup. The paddock had a history of cropping but no sulfonylurea herbicides had been sprayed during the previous 2 years. The soil was sieved to remove any medic pods present, then placed in 18 cm (diameter at top) pots in a glasshouse. Each pot was sampled and a bulk soil sample was chemically analysed for pH, electrical conductivity, total soluble salts, organic matter, oxidisable organic carbon, and phosphorus (Olsen method) using the methods described by Rayment and Higginson (1992) . The pots were watered and all weeds germinating were removed by hand prior to sowing the experiment. No fertiliser or inoculum was applied.
Seeds of non-commercial species were scarified with sandpaper. All seeds were imbibed at room temperature in trays covered to exclude light prior to sowing in pots. Pots in each replicate were blocked together; within replicates, pots were randomised at weekly intervals in the glasshouse and watered as required. No artificial lighting was used in the glasshouse, and although the glasshouse had a cooling system, temperature records are not available. were stripped from stems, with any peduncle still attached to the stem after stripping being recorded with stem dry matter weight. The pods were counted, and oven-dry weight recorded before the pods were threshed, seed counted and oven dry weights recorded. T. arvense seedpods could not be easily separated from dead leaf so some leaf remained in pod weight.
For the September harvest, after separate weights were recorded, leaf for each species from each replicate was combined.
Stem for each species was similarly combined. These leaf and stem samples were analysed separately by FEEDTEST, Department of Primary Industries, Hamilton, Victoria, for crude protein (CP) (nitrogen x 6.25), neutral detergent fibre (NDF) and dry matter digestibility (DMD). Values were estimated for Matrix using near infrared spectroscopy (NIR). NIR spectra were collected on all samples using a Foss-NIRSystems 5000 scanning monochromator in conjunction with Infrasoft
International (ISI) software. NIR calibrations for CP, NDF and estimated in vivo DMD had previously been derived on large sample populations using the procedures of Shenk and Westerhaus (1991) .
Reference methods used for NIR calibrations were as follows: CP using the Kjeldahl method, NDF by the method of van Soest and Wine (1967) but using ANKOM equipment, and DMD using a pepsin-cellulase technique based on that of Clarke et al. (1982) , with analytical values adjusted using a linear regression based on similar samples of known in vivo DMD. Any spectral outliers from the calibrations were analysed by wet chemistry techniques as described above. For each pot, 3300 g of dry soil was weighed. Triasulfuron (at a rate to provide 0.14 ng active ingredient per gram of dry soil) was diluted in water, then 250 ml of solution was thoroughly mixed with the soil for each pot in a bucket before being placed in a plastic bag in a pot on 12 May 2003. Soil for the control treatment was similarly prepared using 250 ml of water only. A further 100 ml of water was then applied to the surface of all pots to settle the soil.
Each pot was planted with 6 plants on 14 May 2003. Plants were thinned to 4 per pot when established. Plants were destructively harvested on 28 June, 45 days after sowing. Roots were washed, their length was measured, nodules were counted and roots were separated from tops. Root and top material was dried and weighed using the methods for Experiment
1.
Field experiments
Experiment 4 A producers' paddock at Walpeup was selected based on typical annual pasture/cropping history for the region, low levels of background medic and no use of sulfonylurea chemicals in the previous year. Two sites within the paddock were selected, one mid-slope (loamy sand), the other on heavier soil (sandy loam) in the swale between dunes. The soil at each site was not classified, but the dune/swale landscape of the region is dominated by calcarosols (calcareous loamy (Gc1.12) and calcareous sandy (Gc1.22) earths) (Isbell 1996) . A soil sample (subsample of 30 x 0 10 cm cores) from each site was chemically analysed prior to sowing. Both sites were fenced to prevent grazing.
The experimental design comprised 3 replicates of the 4 species in randomised complete blocks at each site (total 24 plots).
Each plot measuring 5 m x 1.2 m was sown on 13 June 2002 at a rate of 30 kg/ha seed using a cone seeder. This seeding rate was considered similar to that found in many commercial paddocks. After sowing, 10 mm of water was applied using a hose to each site, including a border of 1 metre outside the plot. Further irrigations were applied as required to maintain plant growth. Rainfall was recorded at a meterological station at DPI Walpeup.
The plant density of legume, grass and broadleaf species was recorded in 3 quadrats (each 0.05 m 2 ) per plot on 12 July littoralis and T. arvense under low fertility field conditions. Three replicates of the 4 treatments were sown in a randomised complete block design.
Soil at a site on DPI Walpeup (paddock 11, mid-slope, loamy sand) was sampled (30 x 0 10 cm cores) and a subsample sent for chemical analysis. Weeds were removed using glyphosate before the plots, measuring 6 x 1.2 m each, were sown on 14 June 2003. The seed rates were 5 kg/ha in pure species, and 2 kg/ha M. littoralis with 3 kg/ha T. arvense in the mixed treatment. Insufficient seed was available to sow at higher rates. The seed was sown by hand, then the plots were lightly raked and rolled with a hand-drawn roller. The plots were weeded by hand. The site was fenced to prevent grazing. 
Statistical analyses
Where necessary, data were logarithmically transformed prior to analysis. Data were analysed separately at each harvest with two-way analysis of variance (ANOVA) using Genstat (Payne et al. 2003) . Replicate was used as the blocking factor in all experiments. In Experiment 4, soil type was not replicated so the effect of soil type on productivity could not be tested;
species were compared on each soil type separately. If any data were missing residual estimation maximum likelihood (REML) regression was used instead of ANOVA. For the analysis of plant density in Experiment 5, transformations were inadequate for ANOVA so non-parametric tests, the Friedman two-way rank ANOVA and stratified Wilcoxon rank sum test, were carried out using StatXact 6 (StatXact 6.1 with Cytel Studio 2003). The results are reported as either arithmetic means with a least significant difference (P<0.05) or, for log-transformed data, geometric means (geometric means = e Mean Ln ) with a least significant ratio (l.s.r.=e (LSD Ln) ) for comparing ratios between means.
Results
Experiment 1: Glasshouse trial 2002
The soil used in all the glasshouse experiments was neutral or alkaline and of low fertility (Table 1) .
Insert Table 1 Differences in the leafiness of the species in August were largely attributable to different maturities, with T.
arvense containing a higher proportion of leaf (of leaf and stem) than all species except spineless M. minima. By the September harvest, T. arvense contained a similar proportion of leaf (of leaf and stem) (47%) to other species (46 -50%) except spiny M. minima. T. arvense pods comprised a lower and M. minima (spiny) pods a higher percentage of pod and stem weight in September, October and at maturity than other species (Fig. 1) . M.
littoralis and M. truncatula produced fewer seeds but their larger seed size meant the weight of seed produced was similar to that of the other species (Table 2) . At flowering, T. arvense had a much more erect habit and M.
minima (spiny) a much more prostrate habit, than all other species.
Insert Table 2 here Insert Fig. 1 here
The mean protein, fibre and digestibility of the dry matter (DMD) of different species were similar in September (Table 3) . DMD showed a range of 5% in both leaf and stem material. (Table 4 ).
Insert
Large differences in the percentage of leaf and pod (Fig. 2) were associated with differing maturity. However, the early-flowering SA 21996 maintained a higher proportion of seed (of seed and stem weight) than other ecotypes at maturity. Difficulty was experienced in maintaining ecotypes SA 18901 and SA 6126 under glasshouse conditions in late spring, and ceasing watering in November may have restricted seed production in these ecotypes.
Insert Table 4 here Insert Fig. 2 here
The Murrayville ecotype was similar in production and appearance to SA 4757. Except for SA 18901, all ecotypes were hairy. SA 21996 was prostrate relative to the other ecotypes, SA 18901 had rounder leaves, and SA 6126 had relatively thick stems with less elongated leaves than SA 4757.
Experiment 3: Triasulfuron tolerance
Triasulfuron reduced (P<0.05) the root length of M. littoralis and M. minima (spiny) by 34 and 51%, respectively, but the root length of T. arvense was not reduced. There was a similar, but not significant, trend between species for a reduction in root and top herbage biomass due to triasulfuron (data not presented).
Experiment 4: Field trial 2002 2003
Growing season rainfall at Walpeup for 2002 was 88 mm (decile 1). Additional water (90 mm) was applied between June and October as shown in Fig. 3 minima.
Insert Table 5 here
On the loamy sand soil, the M. minima phenotypes produced about half the weight of seed per hectare of the M. littoralis and M. truncatula species (Table 6 ), but their smaller seed size meant they usually produced similar numbers of seed to M. truncatula. On the sandy loam soil, differences between weights of seed were less marked and the M. minima species produced as many or more seeds than M. truncatula.
Insert Table 6 here
Experiment 5: Trifolium arvense field trial
Rainfall for 2003 is shown in Fig. 3 . Following emergence, T. arvense had a higher plant density than the Medicago species, although it was not quite statistically significant. The cumulative herbage biomass production of all treatments did not differ significantly between species under field conditions at any harvest in 2003 (Table   7) . M. minima (spiny) matured earlier than the other species and only stem and some pod material remained alive by 26 October. On average, T. arvense comprised 50% of dead stem biomass in the mixed plots at maturity.
Pastures containing T. arvense produced a greater number of seeds than those that did not, although the smaller seed size of T. arvense meant the weight of seed produced was similar between species.
Insert Table 7 here
Discussion
This study has provided quantitative information on the relative production of naturalised legume species growing in the Victorian Mallee environment and phenotypes from elsewhere for which little information was previously available. The data show that some of the naturalised species were as productive as commercial species under some conditions, have similar nutritive value, have greater tolerance to triasulfuron herbicide residues. The data also showed that there is substantial variation between ecotypes of T. arvense. The results indicated that T. arvense and M. minima have some value as pasture components in such environments, and there may be potential for development of spineless M. minima and selection of more productive ecotypes of T.
arvense.
Productivity of species in glasshouse
The naturalised species were not inferior to commercial medics either in nutritive characteristics or leafiness.
In previous reports for legumes (Radcliffe and Cochrane 1970; Kuhbauch 1983; Waghorn and Barry 1987; Derkaoui et al. 1993; Kellaway et al. 1994) , the mean neutral detergent fibre content of the commercial medic species was higher, the protein content lower and the digestibility higher than in this study, possibly because of greater than normal elongation of stems due to the glasshouse conditions. However, the leaf:stem ratios of commercial species were still within the range reported for other legumes (Derkaoui et al. 1993 ) and within the range reported for lucerne, depending on stage of maturity (Waghorn and Barry 1987) . Whilst the relative feeding value was not assessed, differences in biomass production and maturity between T. arvense ecotypes and between species indicate large differences in the supply of live feed under field conditions.
Non-limited watering in the glasshouse would have conferred an advantage that the late-flowering T. arvense
would not have under field conditions. However, its later maturity highlights a potential for this plant to extend the period of live feed, unlike the earlier maturing M. littoralis and spiny M. minima. The superior spring herbage biomass production of T. arvense, however, is devalued by its poor winter production. Ecotypes of T.
arvense with higher winter biomass production and earlier flowering would be beneficial. This study has highlighted considerable variation in the flowering time, biomass and seed production of available ecotypes of T.
arvense, in comparison with the low variation in flowering time between New Zealand ecotypes (Palmer 1972) .
Although ecotype SA 6126 produced a winter biomass that may be acceptable in comparison with commercial medic species, ecotypes SA 18901 and SA 6126 were considered to flower too late to reliably set seed in the Victorian Mallee environment.
Under glasshouse conditions for the same number of plants, the herbage biomass production of the M. minima species was generally lower than that of M. littoralis or M. truncatula; however, both phenotypes would have some production value when present in pastures. The relative productivity of M. monspeliaca has not previously been reported but its performance in this study under glasshouse conditions suggests that it has little value as a pasture component.
Productivity of species in field
Spiny M. minima generally failed to produce as much herbage biomass as the commercial species under field conditions, despite a higher plant density. However, given its wide geographic distribution and apparent ability to persist in Mallee cropping systems, spiny M. minima has some value as a pasture species if compared with sub-optimally managed commercial medics. The plant density of commercial medics is usually much lower on farms in the Mallee (<200 plants/m 2 ) (Rigby and Latta 1995) than for the field trials reported here, whereas the density of naturalised stands of spiny M. minima can be higher than that recorded in Experiment 5 (Robertson 2005 ). The relative densities may be such that M. minima pastures could be as productive as commercial medics under some farm conditions. However, the early maturity of spiny M. minima, similar to M. littoralis, reduces its forage value and the spiny pods devalue wool and lamb skins. The spines are also likely to reduce the palatability of pods to sheep, which may assist in persistence of seed over summer, but could reduce the value of mature pastures for animal production.
The biomass production of the spineless type relative to the commercial medics in 2003, and its ability to produce live feed late in the growing season, suggest that spineless M. minima has potential as a sown pasture species. However, it is not naturalised in the Victorian Mallee environment and further evaluation is required to determine its persistence and suitability. 
Challenges to pastures from the farming system
Tolerance to sulfonylurea herbicide residues would be an important advantage for annual pasture legume species grown in rotation with crops in the Mallee, as the medic species are sensitive to these residues (Hollaway and Noy 1999) . The greater importance of cropping compared with sheep in Mallee farming systems in recent years has favoured the continued use of sulfonylurea herbicides, to the detriment of medic pastures. A possible higher tolerance to triasulfuron residues may partially explain the presence of T. arvense and absence of Medicago spp. in the source paddock, despite the paddock having been sown with annual medic in the year of seed collection. The paddock had been sprayed with triasulfuron in the year prior to seed collection. Further evaluation of the sulfonylurea herbicide tolerance of different species is required.
Pastures in the Mallee need to be able to persist under grazing as well as through 1 -2 years of cropping.
Adaptive advantages include a small seed size which allows seed to escape digestion when consumed by sheep (Thomson et al. 1990) , prolific seed production and a high proportion of hard seed, with at least some of these characteristics being present in T. arvense, M. minima and M. monspeliaca.
Role of naturalised species in the farming system
T. arvense is one of the few Trifolium species containing proanthocyanidins (Jones et al. 1973) , at high levels similar to sainfoin (Onobrychis spp.) (Sarkar et al. 1976 ). Proanthocyanidins at moderate levels in herbage benefit sheep production by reducing hydrolysis of protein in the rumen, although, at intake levels above 100 g/kg DM, they may have adverse effects including reducing intake (Tanner et al. 1994; Waghorn et al. 1998; Aerts et al. 1999) . Some pasture species containing proanthocyanidins have a role in managing gastrointestinal worms in sheep (Robertson et al. 1995; Niezen et al. 1998) . T. arvense may therefore have beneficial impacts on sheep production.
Its poor early growth makes T. arvense unsuitable for use as a pure sward. The ability of T. arvense to compete with other plants and to persist under grazing and through cropping phases remains to be evaluated as it did compete well with M. littoralis in the first year stands reported in this study. Although considered a colonising species that may not be competitive with other plants (Palmer 1972) , anecdotal evidence suggests that it has persisted in short crop/pasture situations over a number of years at Murrayville, Victoria.
Naturalised legume species may have the potential to improve pasture persistence and production under management and in niche environments to which they are better adapted than commercial species. While their herbage production may not warrant their domestication, the species naturalised in the Victorian Mallee and reported here should be recognised as contributing to the feed base, particularly where they are dominant.
T. arvense is adapted to infertile, sandy soils (Begg 1963; Holter 1978; Knight 1985) . Within-paddock variation in dominant species, plant density and biomass production from the source paddock at Murrayville suggests that soil type has a major influence on productivity. T. arvense co-existed with T. glomeratum, with both being more productive on the swale rather than dune areas. M. minima is adapted to soils with low phosphorous levels (Fresnillo Fedorenko 2001) , such as occur in the Victorian Mallee, and is more drought tolerant than M. truncatula cv. Jemalong (Cornish 1974) . In situations where the utilisation of pastures is low and sheep do not use the additional spring biomass production, the advantage of commercial medic species over naturalised species is less. Hence, it may not be profitable to improve pastures if low stocking rates are used and naturalised species are already present in high numbers.
Conclusion
This study shows that there may be merit in further evaluating naturalised legumes for specific niches. T.
arvense and M. minima were found to be productive under some conditions, and have some characteristics that may benefit pasture production and persistence, particularly under management in mixed farming systems that depletes the seed reserves of commercial species. Regardless of any potential for selection or breeding of more productive lines, this study shows that these species can make a substantial contribution to the production of pasture of high nutritive value, at least in the Mallee environment. Further studies on distribution and evaluation under field conditions are warranted to define the contribution of naturalised species to Mallee pastures and identify niches where their persistence and production can add value to existing pasture systems. 
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